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MILLIMETER- AND SUBMILLIMETER-WAVE 
NOISE GENERATOR 

1 . Field of the Invention 
5 The present invention relates to a method and apparatus for generating high level 

millimeter- and submillimeter-wave noise, particularly, noise in the frequency region between about 
60 GHz and about 1 THz (~2 to 33 wave numbers), and to systems employing such a method and/or 
apparatus. 

10 2. Description of the Related Art 

Noise is commonly used in radio frequency ("RF") and microwave environments. For 
example, a radio frequency or microwave noise source can be used to characterize components and 
r% devices, evaluate a system's dynamic range and sensitivity, and tune the performance of a system. 
% Further, powerful noise sources are often used in military jamming systems to disrupt or even destroy 
W 5 enemy radar or communication systems. Other noise applications include material characterization 
:£:; and evaluation in fields such as material science and biochemistry. 

In the RF and microwave bands, conventional noise sources are typically constructed 
3 L using noise tubes or solid-state noise diodes. Generally, noise tubes are high- voltage, gas-discharge 
ffi tubes, wherein output noise is generated by an electric discharge in a gas, which is a random process. 
jJO Although some noise tubes can generate noise slightly above 100 GHz with limited bandwidth, these 
Q tubes suffer from limitations, e.g., short lifetime, poor stability, and require very high voltages to 
operate. Currently, except in some very specific applications, noise tubes are no longer in wide use 
because they have been succeeded by more compact and reliable solid-state noise diodes, and in 
some special applications by thermal noise sources. 
25 It is well known that when a diode, e.g., Zener diode or other semiconductor diode, 

is reverse-biased to a sufficiently high voltage, electrical breakdown occurs and a large reverse 
current flows. The breakdown mechanism is a combination of the processes of direct internal field 
emission (tunneling) and secondary ionization (avalanche). Because these processes generate many 
carriers at random, a high level of noise is produced. The major drawback of conventional noise 
30 diode technology is the inability to produce noise at high-frequencies. For example, the highest 
frequency achievable by present noise diode technology is nominally 110 GHz. 
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In the infrared and far-infrared frequency region, i.e., 500 GHz to 60 THz, thermal 
noise sources, such as high-pressure mercury arc lamps, are used as broadband noise sources, e.g., 
in Fourier Transform Spectrometry ("FTS") for measuring properties of materials, such as, dielectric 
and optical properties. A mercury arc lamp has a noise temperature, which is directly proportional 
5 to noise power per unit bandwidth, of approximately 2,000 °K above 500 GHz. However, the noise 
power drops to a negligible and unsuitable level below this frequency. Mercury lamps also suffer 
from the disadvantages of, for example, stray UV light, limited stability, the requirement of high 
voltage and power to operate, and cooling means to dissipate large amounts of heat. 

New developments in the space, military, and communications electronics industries 
10 have encouraged the use of millimeter- and submillimeter-wave components. Accordingly, 
millimeter and submillimeter-wave noise is needed to test and calibrate these components. 
Moreover, due to the recent expansion of the communications industry wherein the last of the 
=0 available microwave bands have been allocated for communication purposes, it is likely that the 
J?! industry in the near future will look to the 100 GHz to 1 THz range for additional communication 
H 5 channels. Subsequently, communication devices operating in such a range will require suitable noise 
H to test the dynamic range and sensitivity of these communication devices. Presently, however, there 
are no noise sources that are able to provide sufficient noise power in or across a continuous range 
jj of frequencies in the region between about 100 GHz and about 1 THz. 

r|j Therefore, a need has arisen for a millimeter- and submillimeter-wave noise source 

f%0 having sufficient power covering the frequency range from 100 GHz to 1 THz. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method and apparatus for generating high- 
level, multi-octave, millimeter- and submillimeter-wave noise across a broad frequency range. 
25 According to an embodiment of the invention, a millimeter- and submillimeter-wave 

noise generator comprises: a microwave noise source; one or more amplifiers for amplifying the 
microwave noise; a level-set attenuator for setting the microwave noise power to a designated power 
level; and a frequency multiplier for converting the amplified microwave noise into millimeter- and 
submillimeter-wave noise. 
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In another embodiment of the invention, a process for generating millimeter- and 
submillimeter-wave noise generator comprises the steps of: producing broadband, low-level 
microwave noise power; amplifying the microwave noise power into high-level noise power; 
attenuating, if necessary, the high-level, broadband noise power to a power less than a maximum safe 
5 input power level of a frequency multiplier; converting the high-level microwave noise power to 
millimeter- and submillimeter-wave bands using the frequency multiplier; and matching and 
directing the output of the frequency multiplier into a waveguide, transmission line, or free space. 

An advantage of the invention is that it provides broadband, high-level noise 
continuously throughout the range of 60 GHz to 1 THz, a region that no other prior art device has 
1 0 been able to provide. 

Another advantage of the invention is that millimeter- and submillimeter-wave noise 
is generated with sufficient power to test and calibrate millimeter- and submillimeter-wave 
components, perform material evaluation and characterization, and perform FTS. 
If, Other advantages of the invention over the prior art include: superior lifetime, 

ft|5 improved stability, the elimination of radiation byproducts, e.g., ultraviolet radiation, that can 
%j damage living tissue; the elimination of high power and high voltages necessary to drive the source; 
J" and the elimination of wasted excess heat and extreme high temperatures caused by thermal sources. 
O The foregoing, and other features and advantages of the invention, will be apparent 

111 from the following, more particular description of the preferred embodiments of the invention, the 
r€0 accompanying drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention, the objects and 
advantages thereof, reference is now made to the following descriptions taken in connection with 
25 the accompanying drawings in which: 

Fig. 1 depicts a method of generating millimeter- and submillimeter-wave noise 
according to an embodiment of the invention; 

Fig. 2 is a schematic block diagram of a solid-state millimeter- and submillimeter- 
wave noise source according to a preferred embodiment of the invention; and 
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Fig. 3 shows the output noise spectrum of the embodiment of Fig. 2 detected by a 
Bruker IFS Series Model 66V Fourier Transform Spectrometer, wherein the noise spectrum of a 
mercury arc lamp is also shown for comparison. 

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention and their advantages may be 
understood by referring to Figs. 1-3 and are discussed in the context of generating high-level, multi- 
octave, millimeter- and submillimeter-wave noise in an approximate frequency range from about 60 
GHz to about 400 GHz (approximately 2 to 13 wave numbers). Nevertheless, the inventive concept 
1 0 can be adapted to generate other frequency ranges of broadband noise, particularly up to 1 .2 THz. 

In an embodiment of the present invention shown in Fig. 1, method 100 for 
generating millimeter- and submillimeter-wave noise comprises the steps of producing (step 110) 
5 broadband microwave noise power and then converting (step 130) the microwave noise into 
ul millimeter- and submillimeter-wave noise bands. The initial microwave noise is generated by a 
microwave noise source, such as a diode noise source or, alternatively, a noise tube or a thermal 
S! noise source having a heated or unhealed microwave load. Conversion from microwave noise 
frequencies into millimeter- and submillimeter-wave noise frequencies occurs by employing a 
frequency multiplier. Because the conversion efficiency of a typical full-band frequency multiplier 
fU is around -10 dB for continuous wave ("CW") signals, the conversion efficiency of the same 
irf 0 frequency multiplier for noise is substantially lower. 

^ It may be necessary to adjust (step 120) the input microwave noise power to a suitable 

level, preferably, at or near the maximum safe input power level of the frequency multiplier for 
optimum performance. In other words, the input microwave noise power is adjusted to a level high 
enough to drive the frequency multiplier, but not exceed the damage power level of the multiplier. 

25 Adjustment of the input microwave noise power level can occur prior to conversion 

by amplifying (sub-step 124) and/or attenuating (sub-step 128) the microwave noise power from the 
output of the microwave noise source. For example, if the microwave noise power source has an 
output power level greatly below the maximum safe input power level of the frequency multiplier, 
one or more microwave amplifiers can be used to adjust the microwave noise power level to the 

30 maximum safe input power level. Moreover, a level-set attenuator can be used, either alone or in 
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combination with the amplifiers), to decrease or set the microwave noise power as necessary. 
Preferably, the attenuator is used to prevent the input microwave noise power from exceeding a 
maximum safe input level for the frequency multiplier. 

Optionally coupled to the output of frequency multiplier is a waveguide or other 
5 transmission device to direct (step 140) the output millimeter- and submillimeter-wave radiated 
beam toward a desired location. 

A noise generating apparatus employing the above method is shown in Fig. 2. 
Apparatus 200 comprises: a microwave noise source 210, microwave power-amplifier chain 220, 
level-set attenuator 230, frequency multiplier 240, and transmission structure 250. Solid-state noise 
1 0 source 2 1 0 is coupled to power amplifier chain 220. Power amplifier chain 220 comprises one or 
more microwave amplifiers 260, e.g., three are shown in the figure. Power-amplifier chain 220 is 
coupled to level-set attenuator 230, which is coupled to frequency multiplier 240. Frequency 
7 multiplier 240 is, in turn, optionally coupled to a millimeter-wave transmission structure 250. 
:^ In a preferred embodiment, microwave noise source 210 is a solid-state microwave 

^4 5 noise source that generates a continuous spectrum of microwave noise from about 0. 1 to about 60 
3 GHz at a noise power level about 14 dB Excess Noise Ratio ("ENR") and a corresponding noise 
T temperature of approximately 7000 °K. This low-level microwave noise power is then amplified 
S by microwave power-amplifier chain 220. If frequency multiplier 240 has a maximum input power 
of 20 dBm, then three microwave amplifiers 260, each having a typical gain of 22 dB and 2 1 dBm 
jio saturated output power at 20-44 GHz (rated for CW signals), connected serially are adequate to 
^ supply enough power to drive frequency multiplier 240. However, the microwave noise power 
should not exceed the damage power level of the multiplier. This is accomplished by adjusting 
level-set attenuator 230 so that the power level at output port 270 of attenuator 230 does not exceed 
the maximum safe input power level of frequency multiplier 240. In operation, frequency multiplier 
25 240 driven by this high-level microwave noise power, produces millimeter- and submillimeter-wave 
noise at the second, third, and higher harmonics of the input noise band. Transmission structure 250, 
such as a waveguide or waveguide horn, coupled to the multiplier, selectively directs the noise power 

to where it is needed. 

In an alternative embodiment, a harmonic mixer without a local oscillator can be 
30 substituted for frequency multiplier 240 to convert microwave noise into millimeter- and 
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submillimeter-wave noise. 

Fig. 3 shows the output noise spectrum of apparatus 200 using two different 
frequency multipliers, e.g., two commercially available CW frequency multipliers (tripler models 
E3 or W3), detected by a Bruker IFS Series Model 66V Fourier Transform Spectrometer with a 6 
5 or a 1 0 mm aperture. The output of this device has a non-uniform noise power spectral density and 
continuously covers a multi-octave band over a range of about 60 to about 400 GHz. This output 
noise power level is extremely high, i.e., roughly two orders of magnitude higher than the noise 
emitted from a conventional mercury arc lamp as shown. Maximum power output was measured 
to be approximately 33 dB ENR. Further shown in the figure is the unexpected and intense noise 
10 surprisingly extending to the fourth, fifth, and higher harmonics of the input microwave noise. The 
power density attained is substantial, e.g., greater than a noise temperature of approximately 2000 
°K. Comparatively, only the third harmonic contains substantial power and is detectable when a CW 
5 signal is used as an input into a frequency tripler. 

Apparatus 200 is a compact, portable, efficient, and highly reliable device for 
% generating high-level, multi-octave, millimeter- and submillimeter-wave noise. When constructed 
Q from off-the-shelf components, apparatus 200 readily supplies high power noise within the band of 
about 60 to about 400 GHz. In an alternative embodiment of the invention, one or more of the 
2 components may be specifically tailored to generate noise outside this band, e.g., noise of 
f|j frequencies to and beyond 1 THz. For example, an apparatus comprising an 18 to 1 10 GHz diode 
1§P noise source and a 75 to 1 10 GHz power amplifier chain produces enough noise power to drive a 
^ frequency multiplier chain, e.g. , a frequency tripler followed by a frequency quadruples to generate 
noise in a frequency region extending to 1.2 THz having a noise temperature (or power spectral 
density) substantially in excess of that of a black body radiator at 2000 °K. Those skilled in the art 
will recognize that the above embodiment are exemplary only and that the inventive concept can be 
25 adapted to generate noise comprising any frequency band or bands within the frequency range of 
about 60 GHz to about 1.2 THz. 

In other embodiments of the invention, apparatus 200 may comprise one or more 
bandpass filters and/or additional level-set attenuators coupled to the input and/or output of 
multiplier 240, or after transmission structure 250 or before or between amplifiers 260, to create a 
30 more uniform noise power spectral density and/or one or more discrete frequency bands centered at 
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particular frequencies. Moreover, a tuner may be coupled to multiplier 240 to adjust the one or more 
discrete frequency bands. Further, transmission structure 250 may be enabled to focus the output 
noise power into an intense beam. 

Apparatus 200 generates millimeter- and submillimeter-wave noise at sufficient 

5 power to perform FTS, particularly material evaluation and characterization, and test and calibrate 
millimeter- and submilUmeter-wave components. In an embodiment of the invention, apparatus 200 
is coupled to a Fourier Transform Spectrometer. For example, transmission structure 250 can direct 
the output noise of apparatus 200 into a sample region, or intermediate components connected 
thereto, of the spectrometer. The output noise band of apparatus 200 is particularly suited for 

10 replacing or supplementing the broadband noise source, e.g. , high-pressure mercury arc lamp, used 
in the FTS system, thereby creating a previously unexplored frequency band for evaluating and 
identifying spectroscopic characteristics of materials, and also millimeter- and submillimeter-wave 

0 devices and circuits. 

^ In another embodiment of the invention, the output noise of apparatus 200 is used as 

15 a broadband test signal for testing and calibrating millimeter- and submillimeter-wave components. 
3 For example, apparatus 200 is used in conjunction with a receiver, detector, or a spectral analyzer 
; 3 to measure the power transmitted and/or reflected from a device under test. 
3 The foregoing embodiments show example applications employing the inventive 

V concept. Other millimeter- and submillimeter-wave noise applications include, but are not limited 
fO to, antenna testing and calibration, radiometry, testing broadband receivers, radar, auto anti-collision 
and avoidance, and communication jamming. 

Although the invention has been particularly shown and described with reference to 
several preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope of the 
25 invention as defined in the appended claims. 
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